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Introduction
In the last fifteen years the scaling behaviour of long chain polymer sizes has been rather throughly analysed, following the crucial observation by de Gennes [1] that the problem could be mapped onto the critical behaviour of a simple magnetic system. However, questions about the polymers' shapes have remained relatively unexplored other than by Monte Carlo calculations [2] [3] [4] [5] [6] [7] . It is clear that averaging over an isotropic ensemble gives an appearance of spherical symmetry; however, this does not imply that the typical polymeric realization within the ensemble is itself symmetric. In fact, polymers are surprisingly anisotropic, even if one ignores their self avoidance and simply models them with Gaussian random walks (RWs). This anisotropy is similar to that which has been recently reported for two dimensional cluster growth problems [8] . As in that case, one expects that the asymmetry has an effect on the flow characteristics of polymeric fluids. For example, it has been proposed [9] that an average polymeric configuration which is prolate, with moderate aspect ratio, could be an important ingredient in a phenomenological theory of the velocity fluctuation spectrum observed in experiments on laminar polymeric fluid flow at high strain rates. These experiments are a step towards understanding polymeric reduction of turbulent drag, and so are of technological importance.
In order to study polymer shapes, one must first decide both how to model the polymer and what is meant by shape. We will consider polymers long compared to the persistence length, in a solution dilute enough that a given polymer interacts primarily with itself We further assume a good solvent. For this case, the monomers which make up the polymer effectively interact via a weak, relatively short range attractive potential with a hard repulsive core [10] .
As we are interested in large scale properties of shapes in the limit of asymptotically long polymers, we can coarse grain. We thus study the statistics of continuous paths r(t), where 0 t T, r(0) = 0, T is proportional to the polymerization index N (see Fig. 1 Applying the standard correspondence between path integrals and quantum mechanics [15] to the last part of (3.4), and using Emery's analysis [14] figure 3a , and an S'(q)/2 operator insertion by figure 3b. Any graph will pick up a factor of n for each of its closed solid loops, such as that shown in figure 3c, because a solid loop corresponds to a sum over all n components of S. Thus, to implement the n -+ 0 limit perturbatively, one simply adds up all the graphs corresponding to a given Green's function excluding those containing solid loops [1] . We explictly work out an example of this procedure in appendix B. r1 it is clear from the form of the integrand that in the limit of asymptotically large T the leading behaviour ofC;-!T G will be determined by G's leading behaviour as 0 -+ 0,,. We know from studies of critical phenomena [16] that G N A(O -Or Accordingly, to 8-+8c leading order in T The factor of e8tT will always be cancelled by N, so that we finally can see that computing shape parameters for long chain polymers reduces to computing the critical amplitudes and exponents of (S')' theory's Green's functions. These amplitudes and exponents have been thoroughly studied using renormalization group techniques [16] . We figure 5 . For   Fig. 5. -The graphs which contribute to lim G(2,1) to 0(s). To get all contributions, I momentum insertions must be added to the dark lines in all possible ways. each graph we sum over all possible ways of putting on the appropriate number of momentum insertions.
When there are more then two insertions the number of independent terms becomes large, as does the algebraic complexity involved in calculating the derivatives with respect to the inserted momenta. To keep track of all of this we used the symbolic manipulation package SMP [17] to perform the actual computation. 
